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ABSTRACT
In the general population, the most cited barriers to physical activity
(PA) are time, energy, and motivation. Consequently, despite the sig-
nificant contribution of PA to health and well-being, many individuals
are insufficiently active. Physical inactivity and sedentary lifestyles
Received for publication July 5, 2023. Accepted August 11, 2023.

Corresponding author: Dr Michael Khoury, Department of Pediatrics,
Stollery Children’s Hospital, 8440-112th St NW, Edmonton, Alberta T6G
2B7, Canada. Tel.: þ1-780-407-8361; fax: þ1-780-407-3954.

E-mail: Khoury1@ualberta.ca

https://doi.org/10.1016/j.cjcpc.2023.08.002
2772-8129/� 2023 The Author(s). Published by Elsevier Inc. on behalf of the Canadi
ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
R�ESUM�E
Dans la population g�en�erale, les obstacles à la pratique de l’activit�e
physique (AP) le plus fr�equemment mentionn�es sont le manque de
temps, d’�energie et de motivation. Malgr�e les bienfaits importants de
l’AP pour la sant�e et le bien-être, de nombreuses personnes ne sont
1
Tetralogy of Fallot (ToF) is the most common form of
cyanotic congenital heart disease (CHD). It has a prevalence
of 0.356 per 1000 live births and constitutes 7%-10% of all
CHD. Surgical innovations and improved understanding of
long-term morbidities that may arise have vastly improved
survival rates and long-term outcomes.2 As a result, adults
make up an increasing proportion of individuals living with
ToF.3 As long-term outcomes have continued to improve,
focus has shifted towards promoting patients’ long-term well-
being. To this end, an increased priority has been placed on
promoting physical activity (PA), cardiorespiratory fitness, and
health-related quality of life (HRQoL) in this population.4 In
this review, we summarize current PA levels in children and
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increase the risk of acquired cardiometabolic disease, a risk that may
complicate and is compounded by the anatomic and physiologic fea-
tures inherent in the patient with repaired tetralogy of Fallot (ToF).
Individuals with ToF commonly present with reduced exercise capacity
and PA levels. In light of historically PA restrictive management of their
heart disease, known reductions in exercise capacity among in-
dividuals with ToF are combined with psychosocial barriers to their
participation, potentially establishing a cycle of further detraining,
inactivity, and disease progression/health decline. To this end, children
and young adults with ToF are known to have reduced self-efficacy
towards PA, defined as their confidence in their ability to participate.
In this review, we apply self-efficacy as an overarching mediator of PA
participation and explore trends and determinants of PA participation
among individuals with ToF and its subsequent impact on exercise
capacity, disease risk, and health-related quality of life. We outline the
rationale and strategies aimed at improving PA in children and adults
with ToF and highlight current knowledge gaps and future directions in
the promotion of PA in the population with ToF.

pas suffisamment actives. L’inactivit�e physique et la s�edentarit�e aug-
mentent le risque de maladies cardiom�etaboliques acquises, et ce
risque pourrait s’aggraver et s’assortir de complications chez les pa-
tients pr�esentant une t�etralogie de Fallot (TF) r�epar�ee, en raison de
leurs caract�eristiques anatomiques et physiologiques. Une tol�erance
limit�ee à l’effort et un faible niveau d’AP sont fr�equents chez les pa-
tients ayant une TF. Compte tenu des approches th�erapeutiques
ant�erieures qui limitaient l’AP, cette r�eduction de la tol�erance à l’effort
est combin�ee à des obstacles psychosociaux qui favorisent l’inactivit�e
et la progression de la maladie ou la d�et�erioration de l’�etat de sant�e.
Les enfants et les jeunes adultes ayant une TF pr�esentent donc une
r�eduction connue de l’auto-efficacit�e à cet �egard, c’est-à-dire leur
niveau de confiance dans leur capacit�e de participer à des AP. Notre
article de synthèse pr�esente l’auto-efficacit�e comme un m�ediateur
global de la participation à l’AP et nous explorons les tendances et les
d�eterminants de la participation à l’AP chez les personnes pr�esentant
une TF. Nous pr�esentons �egalement les r�epercussions sur la tol�erance
à l’effort, le risque de maladies et l’indice de la qualit�e de vie li�ee à la
sant�e (QVLS). Nous d�ecrivons les raisons qui font valoir l’importance de
l’AP chez les enfants et les adultes pr�esentant une TF et des strat�egies
pour y arriver, en plus de souligner les lacunes dans les connaissances
actuelles et de proposer des orientations futures pour la promotion de
l’AP chez ces patients.
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young adults with ToF and the consequences of reduced PA.
We highlight anatomic, physiologic, and psychosocial barriers
to PA participation and outline strategies for PA promotion
and exercise prescription in this population. Through the
review, we highlight existing knowledge gaps and future di-
rections that are necessary to promote PA in children and
young adults with ToF.
Physical Activity Recommendations
Waking movement behaviours are broadly classified as PA

or sedentary behaviour. Most PA guidelines recommend
moderate-to-vigorous PA (MVPA) for health-improving
fitness benefits. MVPA denotes energy expenditures of 3-6
metabolic equivalents (METs), whereas vigorous PA is char-
acterized by energy expenditures >6 METs.5 Conversely,
sedentary behaviours consist of those activities that are per-
formed in a seated, reclined, or lying position, with an energy
expenditure of less than 1.5 METs.6 Barring extraneous
contraindications, PA guidelines for the general population are
appropriate for individuals with ToF.7 As such, unless
otherwise indicated by their cardiologist, children and ado-
lescents (5-17 years old) with ToF should accumulate at least
60 minutes of MVPA, several hours of light PA, and limit
screen time to 2 hours per day, as per the Canadian 24-Hour
Movement Guidelines.8 For adults (18-64 years old), the
same Canadian 24-Hour Movement Guidelines recommend
performing at least 150 minutes of MVPA and 2 muscle
strengthening activities per week, while limiting recreational
screen time to 3 hours per day.9
Physical Activity Participation
Like their age-matched peers, children and adolescents

with CHD are insufficiently active.10-12 For example, in a
Canadian sample of 90 children with CHD (11 of whom
had ToF), objective measurement via accelerometry suggested
that children and adolescents accumulated a mean of 49 mi-
nutes of MVPA per day, with 8% meeting the 24-Hour
Canadian Movement Guidelines of at least 60 minutes per
day 6 of 7 days per week.11 These findings are comparable
with accelerometry studies among children and youth in the
general Canadian population who accumulated a mean 50
minutes of MVPA per day, with 7% meeting Canadian
guidelines.11 In addition to objective measurement via accel-
erometry, PA can also be measured using validated ques-
tionnaires. For example, the Physical Activity Questionnaires
for Older Children (PAQ-C) and Adolescents (PAQ-A) have
been validated among Canadians with CHD in the respective
age groups.13 In the same Canadian sample referenced above,
the PAQ identified a mean score of 2.6/5 among children and
adolescents with CHD.11 This score denotes moderate PA
levels14 and is slightly lower than reports from youth without
CHD.11 For reference, a score of 2.87 discriminates between
youth who do and who do not meet Canadian PA guide-
lines.13 Of note, although the quantity of PA among children
with ToF appears to be largely comparable with their unaf-
fected counterparts,11,15 prior findings demonstrating reduced
energy expenditure from PA in adolescents and young adults
with ToF (compared with the general population) may sug-
gest that measured PA is of lower intensity or quality.16

Beginning as soon as childhood, objectively measured PA
declines with age.17 The downward trend in PA has been
observed in both the general population and among in-
dividuals with ToF. Canadian adults in the general population
accumulate a mean of 23 minutes of MVPA per day as
assessed via accelerometry, with only 17% meeting Canadian
PA guidelines.18 Canadian adults overestimate their time
spent in MVPA, reporting a mean of 49 minutes per day.18 A
similar overestimation occurs among adults with CHD.19

When assessed with accelerometry, males and females with
CHD similarly achieved 25.9 minutes and 19.2 minutes of
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MVPA per day, respectively, with 20% of males and 12.5% of
females with New York Heart Association class II severity
achieving 30 minutes of PA 5 of 7 days per week.20 Moreover,
in a study of 73 adults with ToF, more than half characterized
themselves as “sedentary,” defined as spending 6 or more
hours of their day seated with no regular PA.16 Those with
increased energy expenditure in their daily lives had higher
mean oxygen uptakes than their sedentary peers. Other work
has demonstrated that, while young adults with ToF spend a
similar amount of time as their age-matched peers doing
cardiorespiratory activity (walking and biking), they spend less
time in group sporting activity.21 Formalized group physical
training programmes, with other young adults living with
chronic illness, have decreased passive leisure-time spending
(eg, screen time) but not increased sports enjoyment.21 These
findings highlight the need to make PA enjoyable rather than
solely a tool to promote longevity. Sports enjoyment may be
diminished by the real physical limitations resulting from
underlying cardiac disease. Thus, setting realistic expectations
is essential to prevent discouragement.22
Exercise Capacity
Numerous studies have demonstrated reduced exercise ca-

pacity, as measured by peak oxygen consumption ( _V O2peak)
among other measures, in children and adults with ToF.23-26

Physical functioning and exercise capacity invariably decline
with age. This trend is quite pronounced among individuals
with ToF, who have both reduced peak physical functioning
during young adulthood and a faster onset of subsequent health
decline.25 The trends in exercise capacity among individuals
with ToF can be explained by a combination of cardiac and
endothelial pathophysiology as well as physical inactivity.27

Exercise capacity is negatively correlated with disease severity
in ToF, as measured by the New York Heart Association
classification.23

There are important anatomic and physiologic contribu-
tors towards the reduced exercise capacity commonly
encountered in patients with repaired ToF. This includes key
cardiac, respiratory, and systemic factors. Pulmonary insuffi-
ciency (PI) is a common long-term feature in repaired ToF,
particularly in those who have received transannular patches
or right ventricular to pulmonary arterial conduits. The degree
of postoperative residual PI has been directly correlated with
worsening exercise capacity.28 Children and adolescents with
repaired ToF and relatively higher exercise capacity have been
demonstrated to have lower PI at peak exercise than patients
with repaired ToF and reduced exercise capacity.29 Moreover,
the chronic volume loading from PI results in right ventricular
dilation that over time may drive right ventricular dysfunc-
tion, ventricular tachyarrhythmias, and impaired exercise ca-
pacity.30,31 Right ventricular function, through measures such
as ejection fraction, strain, strain rate, and deformation, has
also been shown to be lower in children and adults with
repaired ToF and is associated with decreased exercise ca-
pacity.32,33 To this end, the degree of late gadolinium
enhancement via cardiac magnetic resonance imaging may be
associated with regional abnormalities in right ventricular
function and reduced exercise capacity.33 However, although
right ventricular function is often primarily considered in the
patient with postoperative ToF, the function and contractile
reserve of both ventricles are associated with exercise
capacity.34 Prior work using exercise echocardiography
demonstrated attenuated left ventricular force-frequency
curves with exercise in children with ToF, with correlations
observed between left ventricular isovolumic contraction and
percentage predicted _V O2peak.

35 There are also pertinent
electrocardiographic considerations in the patient with
repaired ToF. For example, right bundle branch block
(RBBB) has been a long-standing complication of surgical
repair in ToF.36 The presence of RBBB can have important
long-term implications, including a reduced maximal heart
rate.37 Such forms of chronotropic incompetence and intra-
ventricular conduction delays (resulting in dyssynchrony) have
been associated with worse exercise capacity.32,38-40 In addi-
tion, vascular structural and functional anomalies, as
demonstrated by increased femoral intima-media thickness
and reduced flow-mediated dilation, respectively, are
abnormal in children with ToF.41 This abnormal endothelial
function has then been linked to lower exercise capacity in
ToF.27

There are important noncardiovascular contributions to-
wards poor exercise performance in ToF. For example, re-
ductions in lean muscle mass and strength are associated with
reductions in exercise capacity due to impairments in both
oxygen extraction and consumption. Such associations have
been demonstrated in the population with CHD, including,
notably, children with ToF.42,43 For example, Eshuis et al.43

demonstrated that muscle strength, including grip strength,
total muscle strength, and dynamic strength, was reduced in
8- to 19-year-old patients with ToF. Their multivariate ana-
lyses, correcting for age and sex, demonstrated that total
muscle strength and forced vital capacity (FVC) were corre-
lated with _V O2peak and exercise capacity. In addition, pa-
tients with repaired ToF have abnormal respiratory mechanics
on pulmonary function tests including low forced expiratory
volume in 1 second and maximal voluntary ventilation.44

Similarly, patients with ToF have reduced ventilatory effi-
ciency, as demonstrated by increases in the minute ventila-
tion/carbon dioxide production ( _V E/ _V CO2) slope, which
could further impair exercise capacity.38 Thus, exercise in-
terventions in this population must incorporate the cardio-
vascular, respiratory, and musculoskeletal considerations
inherent in the patient with postoperative ToF.
Morbidity and Mortality Considerations of
Reduced Exercise Capacity and Physical
Activity

Nearly 40% of adults with ToF have abnormal lung ca-
pacity.45 Moderate to severely reduced lung capacity, defined
as FVC <60% predicted, correlates with a 6-fold increase in
the combined outcome of emergency hospitalization, cardiac
transplantation, or death.45 Although some reduction in FVC
may be nonmodifiable (abnormal pulmonary development,
chest wall, and rib cage deformities after surgery), even a short
duration of high-intensity aerobics can increase FVC.46

Higher _V O2peak, higher _V E/ _V CO2 slope, and heart rate
reserve during cardiopulmonary exercise testing (CPET) are
all protective against early mortality after pulmonary valve
replacement in adult survivors of paediatric ToF repair.47

Thus, for adults with ToF, who can reasonably expect
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reintervention due to their underlying anatomy, maintaining
cardiorespiratory fitness could be the difference between early
mortality and longevity. Even in the absence of impending
surgery, a _V O2peak less than 36% predicted or a _V E/ _V CO2

slope of >39 predicts an up to 48% 5-year mortality for
young adults with repaired ToF.48 Combining exercise testing
with measures of right ventricular dysfunction, such as resting
QRS duration, can provide even more predictive accuracy. In
young adults with repaired ToF, a _V O2peak of <65% pre-
dicted combined with a QRS duration >170 milliseconds
carried an 11-fold increase in risk of death or sustained ven-
tricular tachycardia.49
Health-Related Quality of Life
The World Health Organization defines quality of life as

“individuals’ perceptions of their position in life in the context
of the culture and value systems in which they live and in
relation to their goals, expectations, standards, and con-
cerns.”50 HRQoL describes, specifically, the effect of physical
and mental health on this sense of well-being.

The few studies that investigate HRQoL in youth with
ToF have been mixed, with reports of worse,51-53 pre-
served,54,55 or better26 scores compared with control groups
and population norms. One study found that children and
adolescents with ToF have significantly lower psychosocial
and physical health scores on the validated Child Health
Questionnaire compared with healthy controls recruited for
the study but only lower physical health summary scores when
compared with normative data.52 These findings were later
supported by a study comparing youth with corrected ven-
tricular septal defects, ToF, or transposition of the great ar-
teries with those in a control group.51 Although all CHD
types included in this study scored lower on total HRQoL and
the school subscale of the Pediatric Quality of Life Inventory,
only the ToF group additionally scored significantly lower on
the questionnaire’s physical subscale.51 A study that reported
similar HRQoL between youth with ToF still acknowledged
the important contributions of exercise capacity and physical
functioning to the physical component of HRQoL, which
appears to be the most affected component in youth with
ToF.54 Similar or better HRQoL among youth with ToF
contrast these findings and demonstrate a need for further
investigation.26 Ultimately, HRQoL in youth with ToF ap-
pears to be slightly reduced compared with the general pop-
ulation, and the physical component of HRQoL seems most
responsible for this reduction in overall HRQoL.51-53 This
conclusion, however, is provisional as further research and
meta-analysis are needed to delineate concrete self-reported
HRQoL patterns in youth with ToF.

More consistently, parental-reported HRQoL scores for
youth with ToF are worse than child self-reported
scores.51,52,54,55 Although disease severity explains little of
the variability in child-reported HRQoL, it is correlated with
parental perceptions of their child’s quality of life.54 Three
factors contributing to the incongruency between child- and
parent-reported quality of life are children’s overestimation of
their physical ability, a decreased understanding of their
baseline functioning, and parental concern for their child’s
future health status.26,52,55 The incongruency between parent-
and child-reported HRQoL may subside with age as the child
gains an awareness of their CHD and appreciates its effect on
their physical and social functioning.52 There may be specific
value in improving parental perceptions of their child’s
HRQoL, as this may reduce parental overprotection that is
negatively associated with PA participation.56

Similar to studies in children and adolescents, evaluations
in adults with ToF have demonstrated mixed findings with
respect to HRQoL, with some reporting reduced55,57-59 and
others preserved23,60-62 scores. This variation may reflect the
variability of HRQoL associated with changes in health status,
life experience, and disease severity across the broad age range
captured by adult studies.63 A recent meta-analysis applied the
8 domains of the validated 36-Item Short Form Survey
(SF-36) questionnaire (physical functioning, role functioning-
physical, bodily pain, general health, vitality, social func-
tioning, role functioning-emotional, and mental health)64 to
compare HRQoL among adults with ToF with normative
data and controls.63 This meta-analysis demonstrated signifi-
cantly reduced physical functioning, improved bodily pain
and social functioning, and preserved scores across the
remaining 5 domains of the SF-36. These findings converge
on a trend for slightly reduced HRQoL among adults with
ToF compared with both previously published normative data
and simultaneously recruited healthy control groups,63 with
reductions again being most attributable to lower scores
among the physical components of the scores.60,65 This is of
particular importance, as physical functioning HRQoL scores
correlate with exercise capacity ( _V O2peak)

26 and appear to
decline with age and disease progression.57 Thus, improving
exercise capacity through dedicated interventions and greater
PA participation may be a promising strategy to improve
HRQoL among individuals with ToF. It is also possible that
HRQoL may be improved by other nonexercise capacity-
related elements of PA that may relate to the challenging,
social, and mastery experiences derived from PA
participation.66,67

Despite lower physical component scores, especially in the
physical functioning domains of HRQoL, both youth and
adults with ToF can insulate their mental components and
overall HRQoL from significant reduction.26,57 Protective
psychological mechanisms underlie this preservation of
HRQoL and appear to differ between children and adults. In
children, this mechanism may be an overestimation of phys-
ical ability inferred from the incongruency between reported
(SF-36) and objectively measured physical function (via
CPET) in children with ToF.26 Although equivalent protec-
tive mechanisms in adults are yet to be determined, preserved
physical component HRQoL scores despite reduced exercise
capacity in adults with ToF suggest that the hypothesized
mechanism is a product of experience living with CHD.57
Barriers to Physical Activity: Reduced Self-
efficacy

Qualitative evidence suggests that there are 2 distinct
groups of individuals living with ToF. The first group are
often older (commonly adults) and never participated in ex-
ercise because of a misguided fear of harm. The second are
often younger and were never actively discouraged by care
providers from vigorous PA, but felt defeated because of their
real physical limitations.22,68 As PA can decrease morbidity
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and foster longevity in adult patients with ToF, it is impera-
tive for care providers to understand each patient’s relation-
ship with PA and to provide them with a personalized exercise
prescription.69

PA self-efficacy is an individual’s belief in their ability to
participate in PA. This belief strongly predicts PA and sport
participation across the lifespan70 and mediates the effect of
many other determinants of PA including age, sex, cardiac
anxiety, PA restriction, and exercise capacity (Fig. 1).15,56,71

Qualitative studies have identified self-efficacy as the main
theme connecting the underlying determinants of PA in
young children with CHD.72 Although some studies have
demonstrated similar PA self-efficacy as the general popula-
tion,15,26,73,74 individuals with CHD (including individuals
with ToF) face additional challenges to their PA self-effi-
cacy,67 which can pose a barrier to PA participation
(Figure 1).75
Factors Contributing Towards Self-efficacy in
Tetralogy of Fallot

Age

PA self-efficacy has been shown to negatively correlate with
age, with adolescents, young adults, and older adults reporting
increasingly diminished PA self-efficacy.75 Changes in phys-
ical functioning, the accumulation of negative PA and sport
experiences, and the residual effects of outdated ToF patient
management underlie age-related deterioration of PA self-ef-
ficacy.75 Depending on social, personal, and environmental
contexts, PA and sport experiences can improve or reduce PA
self-efficacy.67,72 Qualitative interviews suggest that negative
social experiencesdthose characterized by judgement, exclu-
sion, or comparisondreduce PA self-efficacy and future
participation.67 Likewise, mastery experiences and positive
verbal encouragement from family, physicians, and PA role
models can foster greater PA self-efficacy.67 Finally, age-
related disparities in PA self-efficacy may reflect the para-
digm shift in CHD treatment and care, from one of caution
and restriction to the contemporary patient-centred and
multidisciplinary model that promotes PA participation and
PA guideline adherence on an individual basis.4,75,76

Sex

Males with CHD appear to be at an increased risk for
reduced PA self-efficacy compared with females.67 Narrow
portrayal of the masculine ideal exerts pressure for males to
pursue specific types of PA and sport.67 Stigmatizing PA in
this way limits the sense of choice and subsequently the sense
of PA self-efficacy that males with CHD (including ToF)
experience.67 Interestingly, males with CHD demonstrate
greater PA and competitive sport involvement than their fe-
male counterparts, despite reporting lower PA self-effi-
cacy.11,56,67,77 Whether self-determined or imposed, greater
PA among male children and adolescent is associated with
better HRQoL especially in the dimension of physical well-
being.26,54 Investigating the extent to which individuals with
ToF feel their participation is self-determined or imposed by
gender roles and other sociocultural forces, therefore, warrants
further investigation.
Cardiac anxiety

Cardiac anxiety is closely related to the concept of PA self-
efficacy because an individual’s perception of health risk and
their confidence in the ability of their body to safely partici-
pate influences their PA self-efficacy.71 Among individuals
with ToF, perceived symptoms of their CHD are the most
commonly cited barrier to PA.76 Notably, perceived symp-
toms often occur in the absence of haemodynamically sig-
nificant lesions.76 Such symptoms may be misinterpretations
due to cardiac anxiety and deconditioning. Ultimately, the
psychological barrier of low PA self-efficacy induced in part by
cardiac anxiety may be a greater determinant of PA partici-
pation than the physical barriers of disease severity and exer-
cise capacity.71

Physical activity restrictions

Traditionally, individuals with repaired ToF were advised
against participating in MVPA.4,69 These recommendations
were based on little evidence and unwarranted concerns
about the cardiac complications of vigorous activity.69 In
fact, exercise has been demonstrated to reduce the burden of
ventricular ectopy and arrhythmia in adults with ToF, which
are among the most feared complications, as they are thought
to contribute to sudden cardiac death.78 These outdated
advisements against exercise and PA likely also caused harm,
as a generation of adults living with repaired ToF never
developed a healthy relationship with PA in their younger
years. Newer guidelines suggest exercise testing in all young
adults with ToF to ensure safety from dangerous dysrhyth-
mias, followed by an exercise prescription with the aim of
increasing PA.69 To this end, PA restrictions have been
shown to be associated with reduced PA self-efficacy among
individuals with ToF.79

Fortunately, PA restrictions have now become increas-
ingly less common for children and adolescents with
CHD.11,77 Although most patients with ToF do not require
PA restriction,7 a culture of fear and overprotection may
perpetuate PA aversion in both individuals with CHD and
their families, leading to overestimation of PA restriction.80

Moreover, a lack of knowledge and misrepresentation of
CHD in the media may contribute to these unnecessarily
protective behaviours.81 Parental overprotection negatively
correlates with PA self-efficacy and in this way presents a
barrier to children’s PA participation.56 Children spend the
bulk of their time at school; however, without the provision
of clear written PA clearance, educators often feel uncom-
fortable including students with CHD in school-based PA.81

During the COVID-19 pandemic, vulnerable children such
as those with CHD were known to be at higher risk for
hospitalization.82 Self-isolation by high-risk groups such as
those with CHD and public health orders for the closure of
school and community programmes resulted in a reduction
of PA opportunities in an already insufficiently active pop-
ulation.82 Clear PA recommendations have been shown to
increase PA self-efficacy among individuals with a variety of
CHD lesions.79 Greater parent and patient education can
reduce uncertainty regarding a patient’s cardiac condition
and, when medically required, the rationale for specific PA
restrictions.81



Figure 1. The mediating role of self-efficacy on the determinants of physical activity (PA) participation among individuals with tetralogy of Fallot.
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Exercise capacity

The fatigue associated with PA participation among in-
dividuals with reduced exercise capacity can impair PA self-
efficacy.67 The deconditioning associated with reduced PA
levels and sedentary lifestyles, in addition to anatomic and
physiologic limitations in exercise capacity, results in early
fatigue and frequent breaks that in turn may drive reduced PA
self-efficacy. To this end, both lesion complexity and disease
severity are associated with lower PA self-efficacy.75 Mean-
while, psychological determinants of PA participation are
derivatives of PA self-efficacy and are shaped by prior PA
experiences (including those of fatigue or physical insuffi-
ciency) and the knowledge, advice, and personal psychology in
which they are contextualized.
Improving PA Participation
The significant contribution of PA towards health and

well-being warrants the development and implementation of
strategies that address widespread inactivity and sedentary
lifestyles among individuals with ToF.4 Prior studies have
demonstrated greater participation in PA after exercise in-
terventions in children with CHD.83-85 Although there is
variation in the delivery and specific combination of training
principles (frequency, intensity, time, and type [FITT]),
studies have often demonstrated improved exercise capacity or
other markers of physical adaptation after PA or exercise in-
terventions.86 A recent meta-analysis among children, ado-
lescents, and adults with ToF found that exercise and
pulmonary training resulted in a pooled mean difference in _V
O2peak of þ3.1 mL�1 min�1 kg�1 and improved pulmonary
function.86 Training programmes have also demonstrated
improvements in mental health, which could be important in
the provision of care for adult patients with ToF who suffer
disproportionately from anxiety, depression, and medical
post-traumatic stress disorder.87,88

Though not sufficiently studied, the correlation between
objectively measured exercise capacity ( _V O2peak) and physical
components of HRQoL in both youth26,54 and adults with
ToF26,59 suggests that PA self-efficacy and HRQoL may be
modifiable as well. Beyond formal exercise interventions,
however, PA participation can likewise be promoted through a
patient-centred and multidisciplinary model of care. The
optimal health care paradigm fosters PA self-efficacy and,
therefore, PA participation at the individual level by creating
environments that socially and physically support PA, aligning
future surgical intervention with patient needs and priorities,
and promoting a culture of education and collaboration
among family, educators, and health care professionals to
provide integrated support that is conducive to lifelong PA
participation.89

Improved PA participation after exercise in-
terventions83,85,90 may reflect greater PA self-efficacy medi-
ated by greater exercise capacity and/or positive PA
experiences.67,72 Of note, however, other work in the ToF has
demonstrated no significant improvements in PA after exercise
interventions.21,91 Thus, further studies are needed to spe-
cifically evaluate the impact of dedicated interventions
(including exercise and nonexercise interventions) on PA self-
efficacy and PA levels.
Telemedicine Considerations and Community
Engagement

Technological advancements have permitted the emer-
gence of new intervention delivery methods including wear-
able health and PA monitors, home-based exercise delivery
platforms, and gamified exercise interventions.71,81,92,93

Although the effectiveness of eHealth interventions delivered
through wearable technology has not yet been demon-
strated,94 home-based training programmes have shown
considerable feasibility and efficacy in the population with
CHD.95 Home-based interventions are especially beneficial
for individuals living in remote areas or those with limited
access to transportation.95 Game-like elements including
point accumulation, level progression, and in-game quests can
be highly motivating, especially in a paediatric setting.96

Motivation and enjoyment of exercise are more strongly
associated with PA participation when compared with the
negative impact of barriers to exercise.12 The diversity of ac-
tivities and social aspects of community-based multisport ex-
ercise interventions are attractive and an engaging element for
paediatric interventions. In children with CHD, these
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interventions may improve PA self-efficacy and intrinsic
motivation to participate in PA.72 Furthermore, the oppor-
tunity to incorporate education and psychological counselling
during community-based interventions can create more
persistent improvements in PA levels.83 Advancing in-
terventions that engage children and adolescents should be a
priority of future investigation, as PA during childhood is
more likely to carry into adulthood.71
Patient-Centred Multidisciplinary Physical
Activity Promotion

As the primary medical contact for individuals with ToF,
paediatric and adult congenital cardiologists play a crucial
role in PA promotion. However, many feel that they lack the
time and training to effectively promote sustained PA
behaviour change.97 Furthermore, physician recommenda-
tions in isolation are ineffective for increasing patient PA
levels.74,81 PA participation and behaviour change, therefore,
require the integrated support of a multidisciplinary team to
be successful. A patient-centred approach should be reflected
in PA recommendations that reflect patient interests with an
individualized consideration of functionality and haemody-
namics rather than the broad-spectrum lesion-based
approach used in older PA risk stratifications guidelines.98

Many individuals with ToF will eventually require pulmo-
nary valve replacement. As part of the patient-centred
approach, the timing of this surgical intervention should
consider implications of right ventricular volume loading,
dysfunction, and dyssynchrony because of PI as well as the
implications of this haemodynamic compromise on PA and
the athletic goals of the patient.
Environments That Support Physical Activity
Participation

Environments that support PA participation are an
important component of PA self-efficacy at all ages. In
childhood, these spaces also lay a foundation of positive PA
experiences and motor skill development requisite for lifelong
PA enjoyment and participation.99 Perhaps the most ubiqui-
tous of all PA contexts, physical education class seems to be an
important setting for the accumulation of PA and the devel-
opment of PA self-efficacy among children with CHD.56

Outside of school, competitive sport is predictive of greater
participation in higher intensity PA and seems to be an
important source of high-quality health-improving PA among
children with CHD.11 PA is often used as a broad overarching
term, however. Understanding the different types of PA, their
context, and required intensity could improve and support PA
promotion (Table 1). Competitive and leisure sports are
distinguished by their authority of surveillance.7 Although
leisure sports allow for self-selected intensities and rest periods,
these decisions are externally controlled or coerced in
competitive settings.7 Many of the available PA recommen-
dations for individuals with CHD are oriented towards
competitive sport.100,101 Although such guidelines are useful
for a subset of the population, they may be overly restrictive
when applied in the context of leisure sport and exercise
training.7,81 Relative to their unaffected counterparts, in-
dividuals with CHD do not appear to be limited during
submaximal activity. Thus, participation in leisure sport and
submaximal exercise training may be a rewarding PA experi-
ence.7 Distinguishing between the types of PA is therefore
crucial to appropriate PA recommendations and exercise
prescription generation. In home, school, and work settings,
light PA includes many activities of daily living and occupa-
tional tasks should be encouraged.71 Qualitative assessments
suggest that inclusive environments that model positive PA
behaviour and social connection promote PA.67,72,89 These
settings may be found in what Moola et al.67 term “nontra-
ditional” PA, those characterized by less fatiguing psycholog-
ical and physical demands such as choreographing dance
videos at home.89
Education
Uncertainty and lack of information engender fear and

apprehension towards exercise among individuals with CHD
as well as among the physicians, teachers, and families that
help guide PA and sport participation decisions.89 Although
exercise restriction is less prevalent, a lack of education and
individual exercise prescription persists, as demonstrated in a
sample of 92 adolescents with CHD (26% with ToF), of
whom 78% had never received medical education on the
importance of PA.56 A clear, individualized PA prescription
from a cardiologist can reduce the uncertainty around PA
participation and reduce the instance of unnecessarily con-
servative exercise prescription by health care providers.67,79

Small-group peer discussions led by health care professionals
on the benefits of PA followed by individual commitments to
increase PA may be an effective strategy.83
Safety Considerations and Exercise Prescription
Generation

PA is very safe for most individuals with ToF, with very
few adverse events reported during exercise interventions.95

The way individuals incorporate PA into their lifestyle will
vary, accounting for personal interests, fitness prioritizes, and
safety considerations. Individuals with ToF often have
inherent risk factors predisposing them to ventricular
arrhythmia, including PI, RBBB, and ventricular dysfunc-
tion.69 Despite this, exercise interventions in children and
adults with ToF have not reported serious adverse events
including arrhythmias.86 However, it is important to note that
research exercise interventions often have relatively stringent
inclusion and exclusion criteria that may limit the generaliz-
ability of study findings to the broader population with ToF.
Thus, an individualized assessment of risk (an example of
which is provided in Figure 2) is a necessary component of the
stepwise approach to exercise prescription generation for in-
dividuals with ToF (Figure 3). After medical evaluation and
risk stratification, CPET is an effective screening method for
risk of exercise-induced arrythmia and can establish baseline
exercise capacity on which the relative intensity of aerobic
activity can be safely prescribed.69,102 Likewise, in patients
with a low risk for exercise-induced adverse effects, maximal
strength testing can inform the prescription of relative sub-
maximal intensities for resistance training.69 Once baseline
aerobic and strength capabilities are established, relative aer-
obic and resistance training intensities (Figure 3) can then



Table 1. Types of physical activity (PA) definitions

Term Definition

Leisure sport Structured or unstructured recreational PA without pressure to play at an intensity
greater than that desired by the individual. The individual can stop participating
or decrease the intensity of exertion without internal or external pressure or
coercion to continue.

Competitive sport Organized and competitive PA with fixed rules and commitments inherent to
participation. Typically involves internal and external (including from teammates,
coaches, or spectators) pressures to participate and maintain a level of intensity.

Exercise training Dedicated and planned approach to increase PA and exercise capacity. This may
occur under direct supervision or individually.

Adapted from Takken et al.7
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inform a written exercise prescription based on the FITT
training principles (Figure 4). Regular follow-up appoint-
ments are required for the ongoing assessment of risk,
adherence, and response to training. Although exercise in
healthy individuals is associated with adaptive cardiac hyper-
trophy and dilation, the elevated risk of heart failure among
individuals with ToF raises concerns for a maladaptive hy-
pertrophic response to training. This theoretical concern,
however, is not supported by findings to date.87,103,104 Sup-
porting this, in a recent systematic review and meta-analysis of
prospective studies evaluating exercise training interventions
in children and adults with ToF, included cardiac imaging
studies did not reveal any subclinical adverse remodelling after
exercise interventions.86 When considering safety of exercise,
it is imperative to consider both residual and associated lesions
for the patient as well as the PA goals of the patient. This
Figure 2. Schematic for exercise risk classification according to parameter
column, the greater designation of risk takes precedence. AT, aerobic trainin
and Zentner et al.105 with permission from XXX. Reproduced from Khoury a
includes whether the PA is exercise training, leisure, or
competitive sport.
Conclusion
Insufficient PA is prevalent among individuals with ToF

and is associated with impaired exercise capacity, HRQoL,
and long-term health outcomes. As ToF treatment continues
to improve, promoting PA across the lifespan has become an
increasingly salient strategy in the management of comor-
bidities and HRQoL in this aging population. After a long-
standing history of activity restriction, cardiac anxiety, and
reduced self-efficacy, a paradigm shift to promote PA among
individuals with ToF requires ongoing advocacy. The
uniqueness of each person with ToF, their interests, and
fitness priorities require a multidisciplinary patient-centred
s of cardiac function. For individuals with parameters in more than 1
g; RT, resistance training. Modified from Budts et al.,98 Tran et al.,69

nd Cordina106 with permission.



Figure 3. Recommended aerobic and resistance exercise training intensities according to the risk stratification scheme outlined in Figure 2. *See
Figure 2. HRmax, maximum heart rate (determined from baseline exercise testing); HRR, heart rate reserve, calculated using the Karvonen method
(prescribed heart rate ¼ % intensity � [HRmax � HRresting] þ HRresting); RPE, rate of perceived exertion (Borg 20-point scale); 1 RPM, 1 repetition
maximum. Adapted from Tran et al.69 Reproduced from Khoury and Cordina106 with permission.
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approach capable of providing education, individualized FITT
prescriptions, follow-up, and supportive environments to
facilitate positive PA experiences. Health care providers,
Figure 4. Sample home-based exercise prescription for a hypothetical 15-y
pulmonary exercise stress test demonstrated a maximal heart rate of 170
families, educators, and the community must come together
to develop the integrated care that individuals with ToF
deserve.
ear-old girl deemed to be “low-risk” as per Table 2. Baseline cardio-
bpm. Reproduced from Khoury and Cordina106 with permission.
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